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INTRODUCTION    
 

The "N EW  M EXCIO   WATER   SYSTEMS  OPERATOR  

CERTIFICATION  STUDY GUIDE"  was developed by Fred 

Ragsdale of Ragsdale andAssociates under contract with 

NMED SurfaceWater Quality Bureau. With this edition the 

title has changed to The "N EW MEXCIO WATER SYSTEMS 

OPERATOR CERTIFICATION  STUDY MANUAL "  to reflect the 

addition of further study material. lt should be used as atool 

to assist Water Systems operators in New Mexico in 

preparation for taking the New Mexico Distribution Systems 

Operator, SmallWater Systems Operator, andWater Systems 

Operator certification exams. ln New Mexico Water 

Certification is divided into the following areas: 

 
§ Four classes of Water System Operator 

certification 

§ Three classes of Distribution Systems Operator 

certification 

§ Two classes of Small Water Systems Operator 

certification 

 
Thismanual isnotintendedtobeacompletereferencemanual for 

technical information. ltspurposeistoguidethereadertostudy 

material foreachofthemajorsubjectareasforeachoftheclasses. 

Thereisnoimpliedclaimthatthisstudyguidecoverseverypossible 

pointonwhichanoperatormaybetested.However,itisintended 

tobecomprehensiveinitscoverageof theessential information 

foreachexam. Asnewtechnologiesaredevelopedandbecome 

available in the State of New Mexico further additions will  be 

madetotheStudyManual toassistoperatorsinunderstanding 

thoseadvancedwatertreatmenttechnologies. 

 
The manual is divided into fourteen basic chapters. ln the 

future a chapter fifteen will  be added containing information 

on emerging advanced water treatment technologies. The 

manaul also contains a useful Appendix: EPA manual 

"Response Protocol Toolbox: Planning for and Responding 

toDrinkingWaterContaminationThreatsandlncidents". Each 

chapter in the study manual has basic and advanced study 

questions and sample test questions that are intended to help 

theindividualdeterminethetypeof informationthatiscovered 

in an exam. Basic questions will  generally cover information 

in the Small Water Systems exams and the Class 1 and 2 for 

Water Systems and Distribution Systems exams. Advanced 

questions will  cover information in the Water Systems Class 

3 and 4 and Distribution Systems Class 3 exams. The study 

questions and sample test questions are designed to direct the 

readertoexaminformationthatisrelatedtothechaptertopics. 

There is only one correct answer for the Sample Test 

Questions. No answer sheet is provided. You will have to 

lookthemup. 

 
· DistributionSystemsexamswill includeinformation 

from Chapters 1-5, 7-10, and 13-14. 

· SmallWater Systems exam will include information 

from Chapters 1-5, 7-11, and 13. 

· Advanced Small Water Systems exam will  also 

include information from Chapters 6 and 12. 

· Water Systems Class 1 exam will  include 

information from Chapters 1-4, 7-11, and 13-14. 

· Water System Class 2 exam will  include 

information from Chapters 1-11 and 13-14. 

· Water Systems Class 3 and 4 exams will  

include information from Chapters 1 through 15. 

 
Thecertificationexamsuseseveral textsasreferencemanuals 

for exam topics. Each chapter of the study manual contains 

references to specific chapters of these manuals for those who 

wish to access more information on the topics covered in that 

particular section. 

 

ü Office of Water Programs, California State 

University, Sacramento, Water Treatment Plant 

Operation. 4th ed., 1999, Volumes 1 & 2. 

ü Office of Water Programs, California State 

University, Sacramento, Small Water Systems 

O&M. 4th ed., 2001. 

ü Office of Water Programs, California State 

University, Sacramento, Water Distribution 

System O&M. 4th ed., 2000. 

ü ACR Publications, lnc., Skeet Arasmith, 

Introduction to Small Water Systems, 1993. 

ü Fletcher Driscoll/US Filter, Groundwater and 

Wells, 2nd Edition, 1986. 

 
Special thanks to: 

NMED SWQB Utility Operator Certification Program for 

funding;BobPadillaforhisgraphics; theNewMexicoUtility 

Operator Certification Advisory Board for chapter reviews; 

everyone who helped to proof read the first draft for typos; 

Bill  Peifer for help formatting the original text; Marilyn 

Still for further typo revisions; Robert & Nancy Gott of Gott 

Consulting Services for structuring supplemental text and 

reformatting the study guide; and Extra Special Kudos to 

Steve Hanson for contributing the Advanced Water Chapter. 
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NEW MEXICO  ENVIRONMENT  DEPARTMENT  

SURFACE WATER QUALITY  BUREAU 

UTILITY OPERATOR CERTIFICATION  PROGRAM  
 

 

The New Mexico Water Quality Control Commission, 

through the New Mexico Environment Department 

(NMED), grants certification for competency to the 

operators of water and wastewater systems. The Utility  

Operator Certification Program (UOCP) conducts the 

testing for certification. Certain requirements must be met 

before an operator is eligible to take a certification 

examination. 
 

An operator begins the process by completing a test 

application from the Utility  Operator Certification Program. 

Applications will  only be accepted if  they are submitted at 

least 30 days prior to the exam date. Acertification officer 

will  review each application to determine if  the operator is 

eligible to take the requested examination. An application 

must be submitted every time a test is taken. Examinations 

are given several times a year at various locations around 

the state. Fees range from $25.00 - $30.00 depending 

on the examination. Acheck or money order for the proper 

amount must accompany each exam application and paid 

to Utility  Operator Certification  Program. 
 

Certificates must be renewed every three years. The 

renewal date will  be the last day of the certificate 

holder's birth month following the third anniversary 

of the certificate. The UOCP also handles renewal of 

certificates. Renewal fees ranges from $20.00 - $30.00 

depending on the level of certification to be renewed 

per certificate. 
 

The Utility  Operator Certification Program maintains 

training credits for certified operators only. Each operator 

must keep a record of all training credits earned. Anyone 

who intends to apply for NM certification must include 

documentation of training credits when the application is 

submitted. Certified operators that are taking higher level 

exams may also have to submit training credit 

documentation to update training record files at the Utility  

Operator Certification Program. 

All  correspondence, including applications, should be 

mailed to: 

NMED Surface Water Quality  Bureau 

Utility  Operator Certification  Program 

PO Box 5469 

Santa Fe, NM  87502 
 

Please feel free to call the Utility  Operator Certification 

Program to request information on exam application forms, 

exam dates and locations, or certification and renewal. 

The telephone number for the office is 505-827-2804. 
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IMPORTANT  FACTS ABOUT OPERATOR CERTIFICATION    

 

Anoperator,asdefinedbyNMWaterQualityControl Commission 

Regulations, is "any person employed by the owner as the person 

responsible for the operation of all or any portion of a water supply 

system or wastewater facility. Not included in this definition are 

such persons as directors of public works, city engineers, city 

managers, or other officials or persons whose duties do not include 

actual operation or direct supervision of water supply systems or 

wastewater facilities." 

 

Under the Utility  Operator CertificationAct, "a certified operator is 

a person who is certified by the commission as being qualified to 

supervise or operate one of the classifications of water supply 

systems or wastewater facilities". Experience is "actual work 

experience, full or part-time, in the fields of public water supply or 

public wastewater treatment. Work experience in a related field 

may be accepted at the discretion of the commission". Any claim 

of related experience will be reviewed by theWater Quality control 

Commission (WQCC) or its advisory body, the Utility  Operators 

CertificationAdvisory Board. 

The Utilit y Operator CertificationAdvisory Board (UOCAB) is a 

seven-member board appointed to function with the WQCC to 

establish qualifications of operators, classify systems, adopt 

regulations, and advise the administration of the Utility  Operators 

Certification Act. lts members are drawn from certified water 

systems operators and wastewater facility operators throughout 

the State of New Mexico. 

 

Experience that includes operation, maintenance, or repair of water 

treatment and water distribution systems is accepted based on 

whetherit isfull orpart-time. TheNMUtilit yOperatorCertification 

AdvisoryBoardwill reviewandapproveexperienceinotherrelated 

fields, such as commercial plumbing or utility construction. Credit 

for part-time experience will  be based on the percentage of time 

devoted to actual operation or maintenance. Full time water or 

wastewater laboratory experience may be counted as operator 

experience at a rate of 25% of actual experience. The credit for 

this experience will  be determined by review of the UOCAB. 

 
 

BASIC CERTIFICATION  REQUIREMENTS  

There are three basic requirements an operator must 

meet to qualify for New Mexico certification. All  

certified operators must have at least one year of 

actual experience in operation or maintenance of a 

public water system. All  levels of certification 

require high school graduation or GED (see 

substitutions). All  levels of certification require a 

certain number of training  credits in water systems 

O&M or related fields. 

 
 

 

SUBSTITUTIONS  

One year of additional experience may be substituted for the high 

school graduation or GED requirement for all classes except Class 

4. Education may be substituted for experience or training credits 

in some cases. The education must be in a water or wastewater 

related field. One year of vocational education can be substituted 

for up to one year of experience. Associate and Bachelor degrees 

in a related field may be substituted for up to three years of 

experience and 50 training credit hours, depending on the amount 

of actual experience. The criteria for substitution of education for 

experience are as follows: 

·No more than one year (30 semester hours) of successfully 

completed college education in a non-related field may be 

substituted for an additional six months of the required 

experience. 

·One year of approved vocational school in the water and/or 

wastewater field may be substituted for only one additional 

year of the required experience. 

EXPERIENCE  

 
1 year* 

TRAINING  

CREDITS 

10 

EDUCATION  

Class 1 HS Grad or GED* 

Class 4 
*See Substitutions 

1 year as Class 3 80 HS Grad or GED 

Small Systems 1 year* 10 HS Grad or GED* 

Class 2 2 years* 30 HS Grad or GED* 

Class 3 4 years* 50 HS Grad or GED* 
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·An Associate degree in a two-year program at an approved 

school in the water and/or wastewater field, and six months 

of actual experience in that field (which may be accrued 

before, during, or after the school program) may be 

substituted for the requirements of any level up to and 

including Class 2. 

·An Associate degree in a two-year program at an approved 

school in the water and/or wastewater field and twelve 

months of actual experience in that field (which may be 

accrued before, during, or after the school program) may be 

substituted for the requirements of any level up to and 

including Class 3. 

·Completion of at least three years of actual experience in 

the water and/or wastewater field, plus high school 

graduation or equivalent, plus 15 semester hours of 

successfully completed college education directly related to 

the water or wastewater field may be substituted for any level 

up to and includingClass 3. 

·A Bachelor Degree in a major directly related to the water 

or wastewater field, plus two years of actual experience in 

that 

field may be substituted for any level up to and includingClass 3. 
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CHAPTER 1: WATER SYSTEMS OVERVIEW  
 

 

 

Water systems today are finding themselves with ever 

increasing responsibilities in the area of proper treatment 

and protection of the water supply. The impact on small 

systems can be substantial. lt is more important than ever 

to make sure the people who run these systems have better 

understanding of their system's operation. 

 

The basic responsibility of the system is to provide each 

individual with an adequate supply of safe, potable drinking 

water. This responsibility extends to all employees; whether 

on a managerial, supervisory, operational, or clerical level, 

in some direct or indirect manner. Each employee should 

be aware of their duties and call to their supervisor's attention 

any condition that might impair water quality or cause 

service interruption to any part of the system. These 

responsibilities can be broken down into three major areas 

of concern: 

1.   Providing enough water to meet the total demands 

of the system. 

2. Providing water that is both safe and palatable to 

the customers. 

3. Providing that water to the customer when it  is 

needed. 

 

MEETING  WATER  SYSTEM DEMANDS 

The amount of water used by the entire system is known as 

the demand placed on that system. This demand may come 

from several different sources. 

 

DOMESTIC WATER USAGE 

Domestic water usage is any water that is used directly by 

people in their daily activities. These activities include 

bathing, drinking, cooking, sanitation and other 

miscellaneous activities like watering lawns, washing the 

car and laundry. Two major factors that determine the 

domestic water demands placed on a system are one, the 

number of individuals the system serves and secondly the 

amount of water each person on the system will  need per 

day. On a nationwide basis, the average daily consumption 

of water (total gallons used divided by the total population) 

is about 130 gallons per person per day. However, this figure 

will  vary depending on the geographic location involved 

and the population density of that area. Rural areas tend to 

have a daily consumption rate lower than the national 

average, while urban areas may have a higher rate. 

 

INDUSTRIAL  WATER USAGE 

lndustrial usage of water is considered to be water used for 

production of goods for marketing. The primary sources of 

industrial demands in rural areas are dairies, food processing, 

wood products, and textiles. A single industrial user may 

require as much water as the entire domestic demand on 

the system. 

 

AGRICULTURAL  WATER USAGE 

Agricultural usage of water is considered to be water used 

in irrigating crops, watering livestock, and in cooling and 

cleanup of dairies and farm equipment. Agricultural demand 

will  generally represent a larger portion of the total water 

usage than the industries in rural areas. 

 

PUBLIC  WATER USAGE 

Public water usage may be defined as any community 

service that requires potable water. Services may include 

fire protection, recreation (swimming pools, golf courses, 

etc.) and street maintenance. ln rural communities where 

these services are limited, public water usage may not be a 

consideration. 

 

 
Present conditions and future increases in water production 

should be considered when designing the system. Operators 

may not be concerned with the original design of the system 

but should be aware of the impact of new additions and 

extensions to the system. This is especially true in areas 

where present water mains are handling maximum 

capacities. 

 

SOURCES OF SUPPLY 

Finding enough water to satisfy the demand on the system 

is the certainly a major concern for the water supplier. The 

legal and financial considerations that arise when trying 

to procure water rights or finance the capital funding 

required to construct treatment facilities can limit  the 

options available in many cases. 

 

Systems are faced with essentially two choices when selecting 

a source of supply. They can drill  wells and use ground 

water or, if  a suitable river or lake is present, they may 

choose to use a surface water supply. 

 

MEETING  WATER QUALITY   STANDARDS 

Prior to 1976, water quality was regulated by individual 

state standards. ln many cases these standards were only 

recommendations rather than enforceable regulations. The 

U.S. Congress passed the Safe Drinking Water Act (P.L. 

93-523) in 1976. The law sets permissible levels of 

substances found in water which could be hazardous to 

public health. These regulations include Maximum 

Contaminant Levels or MCL, for inorganic and organic 

chemicals, radioactivity, turbidity and microbiological 

levels. Testing and monitoring requirements, reporting and 



 

record keeping schedules, and public notification are 

enforced by individual state agencies. 

 

M EETING  WATER CONSUMPTION  AND PEAK  

DEMANDS 

Peak water consumption periods will  vary daily according 

to seasons and geographic locations. The major 

responsibility of the operator is to make sure the water is 

available when it is needed. 

 

SEASONAL DEMANDS 

The amount of water used each day will  generally vary 

according to the time of year. Higher daily demands occur 

during the hot summer months while the demand will  tend 

to drop off during the winter months. Fluctuations in 

temperature and rainfall may also dictate a rise or fall in 

daily water consumption. 

 

DAILY  PEAK  DEMANDS 

Ninety percent of the daily water usage will  occur during a 

16-hour period. The peak demand periods occur between 

the early hours of the morning, (5am to 10am) and the early 

evening hours, (5pm to 10pm.) Demand will  usually 

increase earlier in rural areas. ln urban areas, peak demands 

will  be higher during the week while in rural areas the 

highest peak demands occur on weekends. 

 

COMPONENTS OF A WATER SYSTEM  

Water systems are made up of a number of devices that are 

used to deliver water to the customer. The major 

components can be divided into the areas of the source of 

water, its treatment, and its distribution. 

 

WATER SOURCES AND TREATMENT  

The source of water can be from groundwater, surface 

water, or water purchased from another water system. 

Usually the source of your water will  determine the type 

of treatment necessary. ln most circumstances, groundwater 

requires little treatment. Groundwater quality problems 

include: minerals, hardness, and dissolved gasses. Surface 

water typically requires extensive treatment. Surface water 

quality issues are: turbidity, taste & odor, and color. Surface 

water usually requires chemical treatment and filtration. 

 

DISTRIBUTION  AND TRANSMISSION WATER MAINS 

Main lines transport water from the source or from the 

treatment facility to the area to be served. These pipes are 

usually the largest in the system. They also serve as feeder 

lines for those users who are located along them. 

SERVICES 

Services are small lines (usually l"  or 3/4") that carry water 

from the main line to the water user. The service connection 

includes: 

1. Some means of tapping the main line or feeder line. 

2. A corporation stop for turning the water off at the main 

or feeder line. 

3. Service pipe or tubing. 

4. Some type of meter setter which includes a meter stop. 

5. Water meter. 

6. A fitting for the water customer's connection. 

 

PUMPS 

Pumps are used to move raw water from the source into 

the treatment facility or from the well into the system. They 

are also used to move treated water from the treatment 

facility into the system. Pumps are used to create pressure 

for the system and to fill  the water storage facilities. 

 

STORAGE TANKS 

Storage tanks hold a reserve of water for those times when 

the demand for water is greater than can be supplied by the 

trunk line or by the pumps. They also provide water for 

fire protection and for those times when the supply might 

be interrupted. 

 

CONTROLS 

Automatic pump controls sense pressure on the system and 

turn the pump on when the pressure falls below a desired 

point or when the water level in the water tower drops below 

a certain level. When the water level in the tower has been 

restored or when the system's pressure has been raised to 

normal, the controls automatically turn the pump off. Pump 

controls can also turn the pump off, if  alarm conditions 

occur. These types of alarm conditions include; high 

discharge pressure, motor overload, high motor or bearing 

temperatures, or low suction pressure. 

 

ISOLATION VALVES  

lsolation valves are used throughout the system to stop the 

flow of water. They are usually gate valves or butterfly 

valves. The trunk line would have at least one isolation 

valve per mile of line in small rural systems and in large 

municipal systems they may need to be located every 300- 

600 feet. Each branch line should have an isolation valve 

at the point of connection to the trunk line. The proper 

location of these valves is important in order to isolate small 

sections of line for repair. This minimizes the number of 

customers that are out of water during times when repairs 

are being made. 
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CONTROL  VALVES 

Control valves are designed to control flows or pressures 

in the system. There are a number of different applications 

for the control valves that may be used in the system. They 

are usually diaphragm operated globe valves that are 

controlled by hydraulic pilot systems. Here are some of 

the applications for control valves in a water system: 

1. Pressure reducing valves - These valves are used to 

drop the pressure in a distribution zone in order to avoid 

damage to the system. 

2. Pressure relief valves - These valves are used to 

"bleed" water from the system when the pressures 

reach a point that could result in damage to the system. 

3. Altitude valves - These valves are used when two or 

more storage tanks are on the same main line. An 

altitude valve will  isolate the lower tanks and prevent 

them from overflowing while the other tanks are filling.  

4. Pressure sustain/flow limiting valves - These valves 

are used to limit  the amount of flow to a certain portion 

of the system when it drops the pressure in other 

sections below a certain point. 

5. Pump control valves - These valves are designed to 

replace check valves on booster pumps. They are 

closed when the pump starts and open slowly to 

minimize surges in the system. They also close before 

the pump stops. 

 

SURGE TANKS 

Surge tanks act as pressurized shock absorbers in the 

system. They dissipate the pressure spikes caused by water 

hammer. Water hammer occurs when waves of high/low 

pressure occur, usually by opening or closing valves too 

fast.  Water hammer can damage piping. 

 

FIRE HYDRANTS 

Fire hydrants allow fire-fighting equipment to draw a large 

volume of water from the system quickly. They may also 

be used as sampling sites, flushing stations, and vent points 

for filling  drained lines. 

 

OPERATOR   RESPONSIBILITIES  

An operator is the person who is, in whole or part, 

responsible for the operation of a water system. At times, 

he/she may be a manager, laboratory technician, mechanic, 

meter reader, public relations person, troubleshooter, or 

inspector. Becoming a competent operator requires the 

development of many skills. To become a competent 

operator one must have an interest in his/her work, be 

dependable, be willing to learn, and be willing to assume 

responsibility and work without supervision. 

 

Each water utility  represents a large financial investment 

in facilities and equipment and improper operation and 

maintenance can quickly damage both. Although much of 

a water system is "out of sight", it should always be on the 

mind of the operator. A competent operator provides a large 

degree of protection for both the tremendous financial 

investment and the health of the community. 

 

References 
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BASIC STUDY QUESTIONS 

1. What are the three responsibilities of any public 

water supplier? 

2. What are three examples of public water usage? 

3. What are the main components of a water system? 

 
ADVANCED STUDY QUESTIONS 

1. Which of the following is not likely to present a water 

quality issue in a groundwater system? 

A. Hardness 

B. Turbidity 

C. lron 

D. Bacteria 

2. Peak daily consumption may be 2.5 times the daily 

average. 

A. True 

B. False 
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CHAPTER 2: SAFE DRINKING  WATER ACT 
 

 

 

The Federal Safe Drinking Water Act (PL93-523) was 

enacted in 1974 and went into effect in 1976. The purpose 

of the Act is to establish national enforceable standards for 

drinking water quality and to guarantee that water suppliers 

monitor water to ensure that it meets national standards. 

This Act established either the maximum concentration of 

pollutants allowed in, or the minimum treatment required 

for, water that is delivered to the customers. These 

substances are known to present adverse health effects to 

humans. Prior to the passage of PL93-523 standards were 

set by the individual state regulatory agencies. The limits 

and enforcement procedures varied from state to state and, 

in passing the law, Congress has attempted to assure 

uniformly safe drinking water for the general public. The 

SDWA was amended in 1986 and again in 1996. 

 

Each state (or tribal government), except Wyoming and 

the District of Columbia, has primacy regarding the 

enforcement of the standards. The New Mexico 

Environment Department is the enforcement agency for 

New Mexico. All  sampling and reporting, except for non- 

Tribal and Federal systems, is handled through the NMED. 
 

PUBLIC  WATER  SYSTEMS 

The regulations established in PL93-523 apply only to 

public water systems. A public water system is any system 

that contains 15 service connections, residential or serves 

25 people regularly. These systems are responsible for both 

complying with these regulations and reporting to the public 

when any standards are exceeded. Public water systems 

can include private schools, interstate rest stops, state parks, 

and even restaurants. 
 

PRIMARY   CONTAMINANTS  

The SDWA identified a number of chemicals and 

microorganisms that are found in drinking water supplies. 

Because excessive amounts of some of these substances 

have been determined or anticipated to cause adverse health 

effects they are referred to as primary contaminants. These 

substances can be grouped into four major categories: 

lnorganic chemicals, organic chemicals, radioactive 

chemicals, and waterborne bacteria.  (See Table 2.1.) 

 
MAXIMUM  CONTAMINANT  LEVELS (MCL)  

The maximum amount of any one of these substances that 

can be allowed in water, according to the regulations, is 

known as the maximum contaminant level (MCL). The 

MCLs for these chemicals and compounds are set at levels 

that are considered to be many times less than the 

concentrations that are known, or anticipated to cause 

adverse health effects. 

 

INORGANIC    CONTAMINANTS  

These contaminants are mostly heavy metals. They may 

enter the water supply naturally through ground water 

formations or from mining runoff and industrial discharges. 

The MCL for each chemical is listed Table 2.2. 

 

LEAD AND COPPER RULE  

A representative sampling survey must be conducted for 

lead and copper that may be present at the customers' tap. 

Most of the lead and copper found this way comes from 

the customers' plumbing. The system will  be responsible 

for treating the water to stabilize the corrosive qualities 

that cause the leeching of lead and copper from plumbing. 

Sampling for lead and copper requires taking a "first draw" 

sample from a customer's tap, after water has been standing 

in the plumbing for at least 6 hours but no longer than 18 

hours. lf  the 90th percentile results exceed the action levels 

for either metal, the system must take steps to stabilize the 

system water through chemical addition of lime or another 

form of alkalinity. 

 

NITRATES  

Nitrates are the only chemical contaminant that represent 

an immediate health risk. Pregnant mothers and infants 

under 18 months can develop a condition known as "Blue 

Baby Syndrome". The presence of nitrates in the 

bloodstream reduces oxygen uptake that gives the skin a 

blue tint. 

 

FLUORIDE  

Fluoride is added to water to help prevent tooth decay. The 

optimum dosage for fluoride is 0.8-1.2 mg/l. However, at 

higher concentrations, fluoride can create stains on teeth 

and lead to brittle bones in older individuals. The average 

ambient air temperature for the system is used to determine 

the optimum dosage for fluoride. 
Table 2.1 - Primary Contaminants 
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Table 2.2 - Inorganic Contaminants 

ORGANIC  CONTAMINANTS  

These contaminants include herbicides and 

insecticides that are primarily used in agriculture 

applications, organic solvents used in industrial 

applications, organic by-products of industrial 

processes, and chemical by-products from 

chlorination of drinking water. Runoff from 

agricultural spraying or improper application 

techniques can be a major source of these 

contaminants in a surface water supply. 

lndustrial discharges, accidental spills and 

improper disposal of hazardous wastes can also 

become sources of contamination. 

 

These compounds are grouped together under 

the headings of Volatile Organic Compounds 

or VOC's and Synthetic Organic Compounds 

or SOC's. There are currently 21 regulated 

VOC's and 30 SOC's that must be analyzed. 

Some of the VOC's are listed in Table 2.3. 

 

RADIOACTIVE   CONTAMINANTS  

Most radioactive substances occur naturally in 

ground water and in some surface supplies. 

Some man-made substances may also enter 

drinking water supplies from processing facilities, 

mining areas, and nuclear power plants. (See 

Table 2.4.) 

 

TURBIDITY  

Turbidity is clay, silt or mud in the water. 

Although turbidity does not represent a health 

risk by itself, it can shield harmful bacteria from 

disinfection processes. Turbidity is measured 

in Nephelometric Turbidity Units (NTU). The 

device used to measure NTU's is called a 

nephelometer or turbidimeter. 

 

 

 

Table 2.4 - Radioactive Contaminants 
 

 
 

 

 

 

 

 

 

 

 

 

Table 2.3 - Organic Contaminants 

BACTERIOLOGICAL   CONTAMINANTS  

The coliform group of bacteria represents the indicator 

organisms used in determining bacteriological 

contamination. Their presence indicates the possibility that 

some pathogenic (disease causing) organisms may also be 

present. The MCL is exceeded when 5% of the required 

monthly routine (M/R) samples indicate the presence of 

Coliform bacteria. The presence of coliform in any sample 

will  require three repeat samples be taken. These repeat 

samples must be taken within 24 hrs of notification of positive 

results. 
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The regulations state that, when repeats are required, a 

minimum of five (5) samples are now required for the 

month. This means that any small system that would 

normally only take one sample per month, will  have to take 

four (4) repeats when they get a positive test result. lf any 

system has to take repeat samples, it must also take a 

minimum of five (5) samples the following month. 
 

SECONDARY  CONTAMINANTS  

There are certain substances in water that, although they 

do not present serious health hazards, can cause temporary 

physical discomfort and make the water unsuitable for use. 

Each state may determine which of these standards are 

included in their regulations. Chlorides can make the water 

taste salty. This is also known as brackish water. Sulphates 

can cause minor gastro-intestinal problems. lron and 

manganese can result in red or black water problems. The 

pH of the treated water can also create some digestive 

problems if  it is very high or very low. Recommended levels 

for secondary contaminants are: 
 

MONITORING  AND REPORTING  

The public water systems are responsible for monitoring 

their water quality and reporting violations of the SDWA 

standards to the public. The New Mexico Environment 

Department is currently collecting and submitting samples 

to the laboratory for all public water supplies. The program 

is funded through a "Water Conservation Fee" of 3 cents 

per 1000 gallons paid by each system. However, the 

systems will  still be responsible for the results of testing 

and any public notification that may be required. Systems 

must retain copies of chemical analysis records for 10 years 

and bacteriological tests results for 5 years. 

 

SAMPLING  SCHEDULES 

Samples used in testing for chemical and biological 

contaminants must be collected periodically. Samples for 

inorganic chemical analysis must be submitted once every 

year for surface supplies and once every three years for 

ground water supplies. Sampling for organic compounds 

is done quarterly for the initial set of samples. Surface water 

plants must also collect four TTHM samples quarterly 

during this initial period. After that, samples are collected 

yearly for surface water and every three years for ground 

water as long as no VOC's or SOC's are detected. lf  they 

are found, the source (well or surface supply) must be 

sampled every quarter. Radiological samples are taken 

every four years. Under the new Standardized Monitoring 

Rule, most chemical contaminants are monitored in a cycle 

of 3/6/9 years. Each three (3) year period is referred to as a 

compliance period. Bacteriological sampling schedules 

vary from state to state. A minimum of one sample per 

month is normally required for the smallest systems. As the 

population served increases so does the number of samples 

required. Whenever compliance samples are submitted it is 

important to maintain a "chain of custody" that identifies 

who handled the sample from the time it was taken until it 

was tested. 

 

BACTERIOLOGICAL   VIOLATIONS  

When a positive BAC-T sample is reported repeat samples 

are required. lf  the repeats come back negative there is no 

violation. lf  more than 5% of the monthly samples are 

positive for Total Coliform (TC), including repeats, there 

is a non-acute violation that requires public notification. 

This means that any system taking less than 40 samples 

per month can only have 1 total coliform positive sample 

per month. 

 

lf  a monthly routine sample is positive for TC and for fecal 

or E. Coli; and any repeat is positive for TC, OR if any of 

the repeats are positive for fecal coliform, or E. Coli, an 

acute violation has occurr0-ed that requires notification 

through the electronic media. This sometimes triggers a 

"Boil  Order" advisory. 

 

PUBLIC  NOTIFICATION  

The water system will  be required to notify the public any 

time maximum contaminant levels are exceeded. These 

violations of the standards fall into two categories: acute 

violations and non-acute violations. 

 

A non-acute violation occurs when an MCL is exceeded but 

the situation does not present an immediate health risk to the 

public. ln this case, notification must be placed on, or with the 

billing notice within 45 days and must run in the newspaper 

within 14 days. ln addition, all new customers must be sent 

notice of violations when they connect to the system. 

 

Acute violations are violations that could result in an 

immediate danger to the public health and therefore require 

immediate notification through television and radio stations 

within 72 hours. This is in addition to the newspaper and/or 

billing notifications. Public notification must continue until 

the problem is corrected. Notification must also be given to 

the NMED within 48 hours any time a system fails to comply 

with the NM Drinking Water Regulations. 
 

ACTION  PLANS FOR VIOLATIONS  

lf  a water supply exceeds the primary standards the water 

system must either provide adequate treatment to remove 

the contaminants or locate a new source of supply that meets 

these requirements. 

 

VARIANCES AND EXEMPTIONS  

A system that is found to exceed the MCL for a primary 

contaminant may not be able to correct the problem for 

financial or technical reasons.   Depending on the 
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circumstances, the system may be granted a variance or 

exemption. The fact that a variance or exemption has been 

granted does not mean that the system is no longer required 

to notify the public of the problem. Notification must 

continue on a monthly basis until the system meets the 

standard. 

 
Variances 

A variance may be granted to a water system when its supply 

is found to exceed maximum standards and no technology 

is available to economically remove these contaminants. 

Variances may be extended at the discretion of the state 

regulatory agency if  no treatment methods are made 

available during the period the variance is granted. 

 

Exemptions 

When a system is unable to financially provide the 

necessary treatment to reduce contaminant levels to 

acceptable limits, an exemption can be granted to the water 

system. Exemptions are granted by state regulatory agencies 

only in cases where a serious health hazard is not present. 

 
 

OTHER  NEW  REGULATIONS  

The 1986 amendments to the SDWA included a number of 

new rules regarding treatment and operations of public 

water supplies. The major changes are identified below 

with a brief description of the rule and its implications. 

 

SURFACE WATER RULE  

Any system that uses surface water must provide treatment 

of the supply. The minimum acceptable level of treatment 

is filtration and disinfection. lnfiltration galleries may now 

be considered surface supplies because they are 

groundwater that is under the influence of surface water. 

The concerns about contamination by Giardia and 

Cryptosporidium bacteria have created the need for higher 

free chlorine residuals and longer disinfection contact 

times. 

 

The "CT" calculation is used to determine the necessary 

contact time at any given concentration. The formula is C 

x T = A, where C is the chlorine concentration, T is the 

contact time in minutes, and A is a temperature-based 

constant. Removal of Cryptosporidium is based on a 3-log 

reduction of the numbers found in raw water. A 3-log 

removal or deactivation would mean that 0.1% of the 

bacteria may survive or 99.9% were removed. A 4- log 

removal or deactivation would mean that 0.01% of the 

organisms may survive or 99.99% were removed 

 

DISINFECTION  AND DISINFECTION  BY-PRODUCTS RULE  

Systems that use chlorination may create TTHMs and halo 

acetic acids (HA
5 
) as a by-product of disinfection. lf  the 

creation of these by-products causes the system to exceed 

the MCL for Total TTHMs (0.1 mg/l or 100 ppb), the system 

will  be required to change to a different means of 

disinfection. Total chlorine residuals are also limited to a 

maximum of 4.0 mg/l. The Stage 1 & Stage 2 D-DBP rules 

apply to Community Water Systems and Non-Transient Non- 

Community Water Systems (as defined in SDQA) that add 

a disinfectant to the drinking water during any part of the 

treatment process. The State 1 D-DPB rule also applies to 

Transient Non-Community water systems that use chlorine 

dioxide. 
 

 
 

 

 
References: 

Office of Water Programs, California State University, Sacramento, 

Water Treatment Plant Operation, Volume 2, 4rthed., 1999, 

Chapter 22 
Safe Drinking Water Act 
NMED Drinking Water Regulations 

 

 
 

 

 

BASIC STUDY QUESTIONS 

1. What is an MCL? 

2. Why is turbidity a Primary Contaminant? 

3. What is a nephelometer? 

4. How much is the "Water Conservation Fee"? 

5. How long must bacteriological and chemical sampling 

results be kept? 

 

BASIC SAMPLE  TEST QUESTIONS 

1. A public water system is any system that serves a 

population greater than or equal to: 

A. 25 

B. 50 

C.  100 

 
2. What is the maximum total chlorine residual allowed by 

the Disinfectant-Disinfection By-Products Rule? 

A. 2 mg/l 

B. 4 mg/l 

C. 6 mg/l 

D. 8 mg/l 

 
3. What type of contaminant is iron? 

A. Primary lnorganic 

B. Primary Organic 

C. Secondary 
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4. Which Primary Contaminant is sometimes added to 

water supplies to prevent tooth decay? 

A. lron 

B. Arsenic 

C. Fluoride 

D. Mercury 

 
5. The failure of a public water system to comply with the 

NM Drinking Water Regulations must be reported to 

NMED within: 

A. 12 Hours 

B. 48 Hours 

C. 4 Days 

D. One week 

 

 

ADVANCED STUDY QUESTIONS 

1. Which Primary inorganic contaminant poses an 

immediate health risk? 

2. When you get a positive Total Coliform sample result, 

what is the minimum number of retakes required? 

3. What are the action levels for lead and copper? 

4. lf  bacteriological retakes are done this month, what is 

the minimum numbers of samples that must be turned 

in next month? 

5. lf  a 3-log removal is required for Giardia Lamblia, 

what percentage of organisms can survive and still 

meet the requirement? 

 

ADVANCED SAMPLE  STUDY QUESTIONS 

1. The MCL for Total Trihalomethanes is: 

A. 0.08 mg/l 

B. 0.1 mg/l 

C. 0.2 mg/l 

D. 2.0 mg/l 

 
2. SDWA sampling results must be reported to: 

A. New Mexico Water Association 

B. American Water Works Association 

C. New Mexico Environment Department 

 
3. Groundwater systems must sample for inorganic 

chemicals every: 

A. Month 

B. Day 

C. Year 

D. Three years 

 
4. The SDWA Compliance Cycle for the Standardized 

Monitoring Rule consists of three: 

A. Years 

B. Compliance Periods 

C. Quarters 

D. Months 

5. How many bacteriological samples must be taken 

every month before a system is allowed to have 

TWO positive samples without violating the drinking 

water standard? 

A. 10 

B. 20 

C. 40 

D. 60 
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CHAPTER 3: INTRODUCTION  TO DRINKING  WATER SYSTEMS 
 

 

 

WHAT IS WATER? 
Water is the most abundant and common material on earth. 

lt covers 70% of the surface of the earth as water and ice. 

 

Life  Blood 

Water is the life blood of the universe. lf  we were without 

water there could be no life. Our bodies are 70% water. 

Without drinking water for four to seven days our blood 

becomes thick and contains a high concentration of toxic 

waste materials. We become delirious and unable to 

function. Death is not far behind. 

 

Other Planets 

As far as we know, earth is the only 

planet in the solar system that contains water. Others have 

ice, but only earth has this miraculous life blood. 
 

Universal Solvent 

Water is often called the "universal" solvent. Given enough 

time it will  dissolve almost everything that it comes in contact 

with. Thus, it is effective in carrying food through our bodies 

to the individual cells and carrying away the cell waste. 

 

Dissolves Minerals  

As water flows through the gravels, fissures and sands in 

the earth's crust and flows over the top of the ground it 

picks up minerals, microorganisms1, dirt and bits of plants. 

Some of these materials are carried along by the water due 

to its speed. Others, such as minerals are dissolved in the 

water. 

 

Gases 

Water, like many other fluids, also has the ability to dissolve 

gases, such as oxygen (02) and carbon dioxide (CO2). The 

oxygen in the water allows fish and other aquatic life2 to 

live in the water. Without oxygen fish, like humans, would 

die. The gills of the fish allow it to filter this dissolved oxygen 

directly from the water. 

 

WATER AS A CHEMICAL  

TheWater Molecule 

The water molecule3 is composed of one atom of oxygen 

and two atoms of hydrogen. This molecule is given the 

chemical symbol H2O (H2 for two hydrogen atoms and O 

for one oxygen atom). The chemical symbol is read as "H 

two O." 

 

 

 

 

 
Figure 3.1 - The Worldôs Water 

Like  a Battery 

Notice that the two hydrogen atoms are at one end of the 

molecule. The hydrogen atoms are positively charged. 

When they attach themselves to the oxygen molecule the 

whole molecule effectively becomes polarized with negative 

and positive poles, much like a battery. Because it has both 

negative and positive charges, it is much easier for it to 

attract other material. This is one of the reasons it is the 

"universal" solvent. 

 
States of Water 

Water has another 

unique property; it is the 

only material that is found 

on earth in the three basic 

states at standard 

temperatures. These 

states are solid (ice), 

liquid (water) and gas 

(water vapor). 

 

Figure 3.2 - Water Molecule 

 
 

 

1   Microorganisms - Minute organisms, either plant or animal, invisible or barely visible ot the naked eye. 
2   Aquatic Life - All  forms of plant and animal life that live in water. 
3   Molecule - The smallest division that a substance can be broken down to without separating its individual atoms. 
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Molecules in Motion  

The water molecule, like other molecules, is in constant 

motion. The rate of this motion is directly related to the 

temperature of the water. lt moves slowest when the water 

is in the form of ice, and fastest when the water is a vapor. 

 

Density of Water 

As the temperature is reduced the rate of movement slows. 

As this happens the molecules get closer and closer 

together. At 4°C they are as close together as they are 

ever going to be. This increases water's density4 to its 

maximum. The volume that a set amount of water occupies 

is at a minimum at this point. Below 4°C the molecules are 

moving so slow that their electrical charges begin to cause 

the molecules to line up in a pattern and form crystals. 

 

Expands When it Freezes 

At 0°C the crystals are fully  formed. This formation allows 

the molecules to line up in a way so that they occupy a 

greater space than they did before the temperature reached 

0°C. This expansion is what causes water to break a bottle 

or pipe when it is frozen. Water is one of the few 

compounds that expands when it freezes. This causes ice 

to be lighter than the same volume of water and therefore 

it floats in water. 

 

Water and Heat 

The amount of heat it takes to cause the temperature of 

water to change is used as the basic measurement of heat. 

ln the English system this heat is referred to as a BTU 

(British Thermal Unit). One BTU is defined as the amount 

of heat required to raise the temperature of one pound of 

water one degree Fahrenheit5. ln the Sl (System 

lnternational - also called the metric system) the unit of 

heat is the calorie. One calorie is defined as the amount of 

heat required to raise one gram of water one degree 

Celsius6. 

 

DISTRIBUTION  OF WATER ON EARTH  

The Study of Water 

The study of water, its location, use, quantity and occurrence 

is called hydrology7. This next section is a brief discussion 

of the types of water sources, the distribution of water in 

those sources and some of the uses of water. This is a small 

portion of hydrology. 

 

DEFINITION  BY SOURCES 

The sources of water on the earth are divided into two 

categories; surface water and groundwater8. 

 

Surface Water 

Surface water is water that is found in the oceans, lakes, 

streams, springs, and muskeg ponds. Surface water is 

exposed to the atmosphere9 and is affected by ambient10 

conditions. This is the source of drinking water for some 

of our largest communities. 

 

Groundwater 

Groundwater is all the water below the earth's surface. 

However, from a waterworks standpoint we only consider 

the water between the surface and 2500 feet down. Water 

below this depth is too hot and expensive to be usable. 

Groundwater may also include springs. Yes, springs were 

included in the surface water description. That is because 

they can be either. 

 

70% of Earth is Water 

Seventy percent of the earth's surface is covered with 

water. The total volume of water on the earth is 

approximately 305.79 million cubic miles. Of this, 296 million 

cubic miles are in the oceans, leaving only 9.79 million cubic 

miles of fresh water. 

 

 

 
 

 

4   Density - The weight per unit volume of a substance. 
5   Fahrenheit - Relating to an English thermometer scale with the boiling point at 212 degrees and the freezing point at 32 degrees. 
6   Celsius - Relating to a thermometer scale used in the metric system on which the freezing point of water is 0 degrees and the 

boiling point is 100 degrees. 
7   Hydrology - The applied science pertaining to properties, distribution, and behavior of water. 
8   Groundwater - Subsurface water occupying a saturated geological formation from which wells and springs are fed. 
9   Atmosphere - The gasses that surround the earth. 
10 Ambient - The surrounding atmosphere. 
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HYDROLOGIC  CYCLE  

The hydrologic cycle11 is the key to our supply of fresh 

water. The cycle is made up of four key components. 

Å The atmosphere 

Å The lithosphere12 - the crust of the earth 

Å The hydrosphere13 - the water on the earth 

Å The sun - the energy source used to drive the 

hydrologic cycle 

of plants and the sun. ln order to understand this process 

lets follow the cycle. 

 

Precipitation 

You could start the cycle anywhere because it is continuous 

and has no beginning or ending. So lets pickup a droplet of 

precipitation and follow it through the cycle. Precipitation14 

in the form of rain, snow or sleet falls towards the earth. 

 

Available Water Supply 

The amount of water available in the atmosphere, lithosphere 

and hydrosphere remains constant. lt was formed during 

the creation of the earth. There will  never be any more or 

any less than there is today. This water is continually recycled 

between the lithosphere and the atmosphere by the action 

Fall Toward Earth  

As the precipitation falls toward the earth it can pickup 

contamination in the form of minerals and toxic materials 

from industrial air pollution and natural pollution such as 

dust from a volcanic eruption. On its fall toward the earth 

some of the precipitation evaporates15. 

 
 

 

Figure 3.3 - The Hydrologic Cycle 
 

 

 

11 Hydrologic Cycle - Nature's method of continuously recycling the earth's renewable water supply, between the earth and 

atmosphere, making it possible to use this water over and over again. 
12 Lithosphere - The solid crust of the earth. lt consists of the thin, loose layer known as soil and the mass of hard rock, several 

PRECIPITATION 

TRANSPIRATION 
STORAGE 

OVELAND FLOW 

INFILTRATION 

PERCOLATION 

EVAPORATION 

©ACRP 
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miles in thickness, upon which soil lies. 
13 Hydrosphere - All  of the water on the earth. 
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Evaporation 

The amount of evaporation is dependent upon several factors. 

Among them are the humidity16, air temperature and the 

amount of wind. There is a significant amount of precipitation 

that is recycled back to the atmosphere before it ever strikes 

the ground. 

 

Hits the Forest 

Some of the precipitation hits the forest canopy17, brush 

and grass. Some of the precipitation evaporates directly 

from the leaves of the canopy. 

 

Hits the Ground 

Some water flows down the outside of the trees onto the 

ground, and some strikes the ground directly. As water 

accumulates on the ground it runs downhill. This movement 

is referred to as overland flow18. 

 

Flow Along the Surface 

As the water moves along the surface it  picks up 

contamination in the form of organic19 material such as, 

bits of leaves, microorganisms such as bacteria20, viruses21, 

and protozoa22, and inorganic23 matter such as silt, clay, 

minerals and volcanic ash. 

 

Surface Water 

The overland flow accumulates in lakes, streams, muskeg 

ponds and rivers. Most rivers will  eventually run into the 

ocean. These sources are referred to as surface water. A 

large quantity of the water that forms surface water will  be 

evaporated back into the atmosphere. ln fact in most of the 

world this is the largest single loss of surface water. 

 

Groundwater 

Some of the water that is running along the earth's surface 

seeps into the soil. This process is called infiltration24. As 

the water infiltrates the soil and moves downward some is 

taken up by the roots of trees and other plants. The water 

that is taken in by plants moves upward and is given off 

into the atmosphere through the leaves of the plants in a 

process called transpiration25. 

 

Evaporation &  Transpiration  

This moisture mixes with the moisture that is evaporated 

from surface waters and from the plants. This combined 

process is referred to as evapotranspiration26. 

 

Groundwater Movement 

The water not taken up by plants continues to move 

downward in a process called percolation27. This water 

continues to move downward until it collects in gravels and 

sands called aquifers28. There the water continues to slowly 

move towards adjacent lakes, streams and the ocean where 

it collects with the surface water and is evaporated back 

into the atmosphere. 

 

Springs 

Sometime in the past, changes in the earth's crust left the 

edge of an aquifer exposed to the surface. Where this 

happens the groundwater supply exits the hillside or 

mountain in what is referred to as a spring. From there it 

runs along the surface and mixes with surface water. 

 

Back to the Atmosphere 

As you can see both the groundwater and the surface water 

eventually mix and are evaporated back into the atmosphere 

and form water vapor. This vapor is condensed by 

atmospheric conditions and forms precipitation which falls 

to the ground and the cycle is continued, providing us with 

clean fresh water for our water systems. 

 

 

14 Precipitation - The process by which atmospheric moisture is discharged onto the earth's crust. Precipitation takes the form of 

rain, snow, hail, and sleet. 
15 Evaporate - The process of conversion of liquid water to water vapor. 
16 Humidity  - The amount of water vapor in the air. 
17 Forest Canopy - The enclosure mdke by the trees in a forest.  The canopy can block all or most of the light from the forest 

floor. 
18 Overland flow - The movement of water on and just under the earth's crust. 
19 Organic - Chemical substances of animal or vegetable origin, usually containing carbon. 
20 Bacteria - Living organisms, microscopic in size, which consist of a single cell.  Most bacteria utilize organic matter for 

their food and produce waste products as the result of their life processes. 
21 Viruses - A submicroscopic organism which passes through filters capable of removing bacteria. 
22 Protozoa - A small, one-celled animal including, but not limited to, amoebae, ciliates, and flagellates. 
23 Inorganic - Chemical substances of mineral origin, not usually containing carbon. 
24 Infiltration  - The initial movement of water from the earth surface into the soil. 
25 Transpiration  - The process by which water vapor is lost to the atmosphere from living plants. 
26 Evapotranspiration - The combined vaporization of water from surfaces and plants. 
27 Percolation - Movement of water into and through the ground. 
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28 Aquifer  - A porous, water-bearing geologic formation. 
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Location by Per Cent of the Worlds Fresh Water 

DISTRIBUTION  OF WATER  

 
Total Supply 

The total supply of all water 

in the world is approximately 

305.79 million cubic miles. Of 

this total supply 296 million 

cubic miles are in the worlds 

oceans. This leaves 9.79 

million cubic miles or 3.2% of 

all water in the world as fresh 

water. 
 

Distribution  of Fresh 

Water 

74.7% of the 9.79 million cubic 

miles of fresh water is tied up 

in the polar ice caps, soil 

moisture and atmosphere. 

25% of this fresh water is in the groundwater supply, leaving 

0.3% of the fresh water in the lakes and streams. 

 

 

 
Figure 3.4 - Fresh Water 

 

Usable Fresh Water 

The total groundwater supply is estimated at 

2.42 million cubic miles. Only 44% of this, or 

1.06 million cubic miles, is usable. That is, it is 

less then 2,500 feet below the surface. The 

lakes and rivers represent 0.03 million cubic 

miles of fresh water. This gives a total of 1.09 

million cubic miles of usable fresh water. 

 

Division of Fresh Water 

Of the usable fresh water, 97% or 1.06 million 

cubic miles is in the groundwater supply and 

only 0.3% is in the surface water supply. 

 

 

Figure 3.5 - Useable Fresh Water 
 

 

Table 3.1 - Location of the Worlds Fresh Water 
 

 
 

%  LOCATION  M ILLION  CUBIC  M ILES  

74.60 Polar ice caps 7.33 

0.06 Soil moisture 0.00587 

0.035 Atmosphere 0.00342 

14.00 Groundwater between 2,500 and 12,500 feet 1.36 

11.00 Groundwater between 0 and 2,500 feet 1.06 

0.30 Lakes 0.029 

0.03 Streams & Rivers 0.00293 
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DISTRIBUTION  BY SYSTEM 

Within the continental United States 77.3% of the 

public water systems use groundwater and 18% of 

the systems use surface water. 4.7% of the systems 

in the US use a combination of surface water and 

ground water. 

 

DISTRIBUTION  BY POPULATION  

Within the continental United States 68% of the 

population is served by surface water suppliers while 

only 32% of the population relies on groundwater 

supplies. 

 

WHY THE DIFFERENCE? 

System Location 

There are several reasons for the difference between 

the number of surface water suppliers and the 

number of people obtaining their drinking water from 

surface water suppliers. First, in the continental 

United States 37 of the 100 largest communities 

use surface water. This is because the majority 

of these communities are built next to surface 

water sources, including ten that are built next 

to the Great Lakes. ln the West, communities 

such as Los Angeles, San Francisco, Portland 

and Seattle all utilize surface water. 

 

 

Figure 3.6 - Water Distribution by System 

 

Water Availability  

Second, a large portion of this country is without 

any surface water source. Finally, there are few 

ground water supplies which can provide 

sufficient water for a large community. 
 

 

 

 

 

References 
ACR   Publications,   lnc.,   Skeet   Arasmith, 

Introduction to Small Water Systems, Chapter 1 

 

Figure 3.7 - Water Distribution by Population (U.S.) 

 

 
 

 

 

 

BASIC &  ADVANCED STUDY  QUESTIONS 

 
1. Water is called the             solvent. 

 
2. What are the two sources of water? 

 
3. What is the word used to identify water that is safe 

to drink? 

 
4. Water cycles from the atmosphere to the earth and 

back to the atmosphere. What is this natural water 

cycle called? 

 

5. As a part of the normal water cycle water is lost, or 

given up, to the atmosphere by trees and by 

evaporation from the surface of streams, lakes, and 

oceans.  This combined loss is called                  . 
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CHAPTER 4: WATER SAMPLING  
 

 

 

NEW MEXICO  WATER  CONSERVATION  FEE 

The NM Water Conservation Fee of 3 cents per 1000 
gallons is collected from each public water system in order 
to fund sample collection and testing for inorganic, organic, 
and radiological contaminants. The fee also covers 
bacteriological testing. This means that most water systems 
are only responsible for collection of monthly 
bacteriological (microbiological) samples in order to 
comply with SDWA monitoring schedules. 

 

WATERBORNE PATHOGENS 

Water systems must strive to keep their drinking water free 
of pathogens (disease causing bacteria). They can be 
transported either by water or physical contact. People that 
have contracted these diseases are called carriers. Without 
proper medical attention and treatment, individuals can still 
transmit the disease even though they no longer have any of 
the symptoms. There are five waterborne pathogens that 
can be found in all water supplies and two that are only 
found in surface water supplies. The bacteria that are found 
only in surface water supplies form cysts and spores that 
protect them from cold temperatures. Because of this 
protection, they are much more difficult  to kill  with 
disinfectant chemicals. 

 

WATERBORNE DISEASES 

All  Water Supplies: 
Å Typhoid 
Å Paratyphoid (Types A & B) 
Å Cholera 
Å Dysentery 
Å Hepatitis 

Surface Water Only:  

Å Cryptosporidium 

Å Giardia 

 
All  of these diseases are caused by pathogenic bacteria 
except hepatitis, which is a virus. lt is very difficult  to 
identify any one particular pathogen by laboratory testing. 
To make testing more reliable and economical, the lab tests 
are designed to identify a large family of bacteria that are 
related to the disease causing bacteria, rather than 
identifying each type of pathogen. 

 

 

Figure 4.1 - Waterborne Diseases 
Reprinted, with permission, from Operation of Wastewater Treatment Plants, 

Vol. l, 2nd ed., Office of Water Programs, California State University, 

Sacramento Foundation 

COLIFORM  GROUP OF BACTERIA  

Coliform bacteria are enteric bacteria. This means that they 
are found in the intestinal tract of warm-blooded animals, 
including humans. These bacteria, known as E. Coli in 
humans, do not cause disease but are necessary for the 
digestion of food. The waterborne pathogens are also 
enteric bacteria and are part of the coliform family. 
Therefore, if  coliform bacteria are present in the water 
supply, pathogens may also be present. The coliform 
bacteria live longer in water and are easier to detect by 
laboratory testing. This is the reason the coliform group 
has been chosen as the indicator organism for waterborne 
pathogens. lf  coliform bacteria are not present it is assumed 
there are no pathogens present. 

 

The coliform family has been divided into two groups. Results 
may come back as total coliform positive or fecal coliform 
positive. Total coliform positive means that no human 
coliform are present. Fecal coliform positive indicates the 
presence of E. Coli, which means there is a greater chance 
of pathogens being present. The laboratory tests for 
coliform include the MPN method, the Membrane Filter 
test, and the Colilert test. 

 

SAMPLING  SCHEDULES AND TECHNIQUES 

lt is the responsibility of the system to collect samples for 
bacteriological ("Bac T") testing. lt is very important to 
make sure samples are collected, tested and reported 
properly. lf  a sample becomes contaminated due to poor 
sampling procedures, or is not sent to the testing facility at 
the proper time, the system may technically be in violation 
of SDWA standards. This may result in the system having 
to notify the public of violations when the water is actually 
safe. 

 

SAMPLING  SCHEDULES 

The federal regulations regarding "Bac T" sampling 
schedules set the minimum number of samples a water 
system must submit at one per month. As the size of the 
system increases so does the minimum number of samples 
required each month. These sample results, and any 
necessary re-takes, must be reported to the NMED by the 
end of each calendar month. 

 

The sampling points should be identified by a sampling 
plan that samples are taken from all major parts of the 
system to assure that the entire system is represented. Small 
systems must have at least two sample sites in the system. 
One point where water enters the distribution system and 
another at a customer's faucet. Samples should also be taken 
at regular intervals during the month. Even the best 
sampling plan can only indicate that the system was safe at 
the time it was sampled and only at the sites where samples 
where taken. 
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SAMPLING  TECHNIQUES 

 

The first consideration in collecting a "Bac T" sample is the 
sample bottle. These bottles are provided by the New Mexico 
Environment Department. They are sterilized prior to being 
sent to the systems. They should be stored in a cool, dry 
place until they are needed for a sample. Sodium thiosulphate 
is added to the bottle before it is sterilized. lts presence may 
be indicated by a trace of white powder in the bottom of the 
bottle. The purpose of the sodium thiosulphate is to neutralize 
any chlorine that may kill  any bacteria that are in the sample. 

 

Two things to remember when using sample bottles: 
 

l. Never wash out a bottle or even open it until you 
are ready to take the sample. 

 

2. lf  a sample bottle has any dirt or junk in it or in 
the lid, don't use it. lt's better to get a new bottle 
than to take a bad sample. 

 

Once the pre-sterilized bottles are obtained, the next 
consid-eration is the actual collection of the sample. The 
procedure for collecting the sample is given below. These 
instructions should be carefully followed to prevent 
accidental contamination of the sample. 

 

l. Select a sampling point. Always keep sanitary 
conditions in mind when selecting a sampling 
point. Never use a kitchen sink faucet or an 
outdoor faucet that drips. Any hoses, vacuum 
breakers or other attachments must also be 
removed. The rule of thumb is to select a faucet 
that is used the least. 

 

2. Flush the line. Open the tap and let the water 
run for several minutes. This will  insure that 
the water being sampled is from the main and 
not from the customer's plumbing. 

 

3. Collect the sample. Remove the cap, making 
sure that you do not touch the inside of the cap 
or the top of the sample bottle. Don't aerate the 
sample or allow it to splash on the outside of 
the bottle. Fill  the bottle carefully to the shoulder 
of the bottle. This guarantees that there is at 
least 100ml of sample in the bottle. Do not fill 
it all the way. An air bubble is needed to stir the 
sample before it is tested at the lab. Never set 
the cap down or leave it off longer than it takes 
to collect the sample. Mark the bottles for 
identification. The samples should then be 
placed under refrigeration until tested. 

REPORTING AND SHIPPING  CONSIDERATIONS  

The final consideration for "Bac T" sampling is the proper 
completion of the sample form. Make sure the following 
items are listed on the sample form: 

 
 

Table 4.1 - BAC-T Sample Form 
 

l. System name, address, and 
identification number 

 

2. Location of sampling site 
 

3. Date and time sample was taken 
 

4. Type of water sampled (raw or treated) 
 

5. Chlorine residual 
 

6. Computer ID number 
 

7. Name of operator taking sample 
 

 

 
There are times when water systems need to collect Bac-T 
samples for reasons other than monitoring compliance. New 
water lines and lines that have been repaired should be 
tested. Wells that have been disinfected should be tested. 
These samples must be identified as something other than 
a compliance sample so they will  not count as a violation 
against the system if  they are found to be positive. This is 
done by checking "Special Sample" on the form and 
identifying the type of sample in the "Remarks" line. 

 
There are certain requirements regarding the age of a Bac- 

T sample. New Mexico Drinking Water Regulations state 

that the sample must be tested within thirty hours after it is 

taken. lf  a sample does not arrive at the lab within this 

time period it will  not be tested. To help avoid this, make 

sure all samples are sent in on time, preferably at the first 

of the week. Always obtain a receipt from the postmaster 

as part of the chain of custody. 

 

RETAKES AND VIOLATIONS  

Anytime a Bac-T sample result comes back positive, 
indicating the presence of coliform, retake samples 
must be taken. Three retakes are usually required. One 
must be taken at the site of the positive sample. The 
other retakes are upstream and downstream of the site 
(within five service connections.) These retakes must 
be taken within 24 hours of receipt of positive results. 
They must be identified as "Resample" on the sample 
form. When retakes are needed, a minimum of five 
samples will be required for the following month. 

 

When retakes come back positive, the system is usually 
in violation of the SDWA standards (unless 40 or more 
samples are taken then 5% of the samples can be 
positive.) lf  all of the positive samples were total 
coliform, it is a non-acute violation. lf  fecal coliform 
positives occur in either the original or the retakes, it 
becomes  an  acute  violation  with  immediate 
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notification. ln either case the NMED must be notified 
within 24 hours of any positive sample results. The 
Water system is responsible for any public notification 
that may be required. 

 

 
 

 

 

References 
Office of Water Programs, California State University, 

Sacramento, Water Treatment Plant Operations, 4th ed. 1999, 

Volume 2, Chapter 22. 

Safe Drinking Water Act 

NMED Drinking Water Regulations 

 

 
 

 

 
 

BASIC  STUDY  QUESTIONS 

 
1. What is an indicator organism? 
2. What is sodium thiosulphate? 
3. Why should you flush before sampling? 

 

BASIC  SAMPLE  TEST  QUESTIONS 

1. Which of the following is an indicator organism? 
A. Giardia 
B. Cryptosporidium 
C. Hepatitis 
D. E. Coli 

 

2. Which factor is used to determine how many Bac-T 
samples must be taken? 
A. Number of operators 
B. Type of treatment 
C. Number of people served 
D. Amount of water produced 

 

3. What is the minimum number of Bac-t sample(s) 
required each month? 
A. 1 
B. 2 
C. 3 
D. 4 

 

 

ADVANCED STUDY QUESTIONS 

1. How many retakes are required for each positive? 
2. Which bacteria are found only in surface water 

supplies? 
3. What must be done on the sample form to identify a 

Bac-T sample is from a well and is not a compliance 
sample? 

4. How soon must NMED be notified that a bacterial 
MCL has been exceeded? 

 

ADVANCED SAMPL E TEST QUESTIONS 

1. How many samples must be taken before two positive 
results DO NOT result in an MCL violation? 
A. 10 
B. 20 
C. 40 
D. 80 

 

2. A sample must be tested within how many hours? 
A. 24 
B. 30 
C. 48 
D. 60 

 

3. Anytime the MCL is exceeded and fecal coliform 
positive results came back from any of the samples. 
A. This is an acute violation 
B. This is a non-acute violation 
C. There is no notification required 
D. Only written notification is required 

 

4. lf  retakes are required this month, what is the minimum 
number of samples required next month? 
A. 5 
B. 10 
C. 15 
D. 20 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BLANK  PAGE 



5-1  

CHAPTER 5: DISINFECTION  
 

 

 

TYPES OF DISINFECTION  

 
The process of killing pathogenic bacteria in the drinking 

water supply is known as disinfection. Disinfection is the 

final step in the treatment process and is necessary to 

provide a "bacteriologically safe" drinking water for the 

public. Disinfection is now required for all public water 

supplies. Chlorination is the most common means of killing 

disease-causing bacteria in water supplies. 

 

While chlorine is used primarily for disinfection in water 

treatment, it also has other uses in the treatment process. 

Chlorine can be used to remove iron and manganese, some 

kinds of tastes and odors, and some dissolved gases, such 

as Ammonia (NH ) and Hydrogen sulfide (H S).  The use 

disinfectant. Dry chlorine is 2-3 times more expensive, 

per pound of chlorine, than chlorine gas. 

 

CHLORINE  BLEACH  

Chlorine bleach is a liquid solution of sodium hypochlorite 

(NaOCl). Bleach is usually 3 - 12% available chlorine 

and 88 - 97% water. Bleach is the most expensive form of 

chlorine and is normally used for disinfecting small wells 

and water lines. lt is sometimes used for supply disinfection 

in very small water systems. 

 

CHLORINE   TREATMENT   TERMS 

 
Several terms are used to identify the various stages and 

reactions that occur when chlorine is used as a disinfectant. 

3 2 

of chlorine in these instances usually occurs early in the 

treatment process. Pre-treatment of raw water by pre- 

chlorinating used to be a fairly common practice until the 

mid-1970's. Concerns over disinfection by-products, such 

as TriHaloMethanes (THM's) and halo acetic acids, have 

almost eliminated the practice of pre-chlorination in the 

United States. The removal of taste and odors from raw 

water is now accomplished using Powdered Activated 

Carbon (PAC) or oxidizing agents other than chlorine, that 

do not result in chlorinated by-products. The growing 

concern regarding the use of chlorine as a disinfectant may 

eventually mean a change to one of these other oxidizing 

agents as the primary means of disinfection at sometime in 

the future. 

 

CHLORINATION  

Chlorine is the most widely used disinfectant because it is 

readily available, easily applied, and cheaper than other 

oxidizing agents such as potassium permanganate 

(KMnO
4
), chlorine dioxide (ClO

2
),UV disinfection, or 

ozone (O
3
). Chlorine is applied in one of three forms; 

chlorine gas, chlorine powder (HTH), or an aqueous 

solution like chlorine bleach. 

 

CHLORINE  GAS 

Chlorine gas (Cl
2
) is compressed into a liquid for storage. 

lt can be purchased in cylinders containing 150 or 2000 

pounds of the liquefied gas. Chlorine gas is cheaper per 

pound than either of the other forms. 

 

CHLORINE  POWDER 

Chlorine in its dry form is calcium hypochlorite [Ca(OCl)
2
]. 

lt is also most commonly known by the trade name HTH 

(High Test Hypochlorite). Only about 65 - 70% of the HTH 

is available as chlorine. The rest is calcium, which is not a 

The basic unit of measurement for chlorination, or any other 

chemical treatment is milligrams per liter (mg/l) or parts 

per million (ppm). These are very small units reflecting 

concentrations that are essentially one part chemical for every 

million parts of water. To get some idea of how small a 

concentration this really is, it should be pointed out that 1% 

is equal to 10,000 mg/l or ppm. 

 

CHLORINE  DOSAGE 

The chlorine dosage is the amount of chlorine that is added 

to the water. The dosage can be determined from the 

number of pounds of chlorine used and the number of 

millions of pounds of water treated. 

 

CHLORINE  DEMAND  

Chlorine is a very reactive oxidizing agent. lt will  react 

with a certain substances that may be found in water. This 

list includes; iron, manganese, hydrogen sulfide, organic 

compounds and ammonia. When chlorine reacts with these 

substances, it loses it disinfecting properties. This is 

referred to as the chlorine demand. For chlorine to be 

effective as a disinfectant, the dosage must always exceed 

the demand that is present in the water. The chlorine 

demand may vary from day to day in a surface water supply. 

lt is usually fairly constant in a ground water supply. 

 

CHLORINE  RESIDUAL  

The chlorine that remains in the water, after it has finished reacting 

with those substances that represent the demand, is known as the 

chlorine residual. The concentration of the residual is determined 

by subtracting the demand from the dosage. 

EXAMPLE: A 4.0 mg/l dosage is added to water that 

has a demand of 2.5 mg/l. 

What is the residual? 
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Dosage - Demand = Residual 

or 

4.1 mg/l - 2.5 mg/l = 1.5 mg/l  Residual 

 
There are two types of residuals that result from the 

chlorination of water. They are free chlorine residual and 

combined chlorine residual. 

 

Free Chlorine Residual 

After the demand has been satisfied, any chlorine that is 

left will  react with water to from hydrochloric acid and 

hyochlorous acid. 

Cl
2 
+ H

2
O > HCl + HOCl 

The hypochlorous acid is the disinfecting agent and the 

presence of the hypochlorous ion (OC1-) is measured to 

obtain the free chlorine residual. 

 

Combined Chlorine Residual 

Chlorine reacts with water to form hypochlorous acid. lf 

ammonia is present, the hypochlorous acid will  react with 

it to form compounds known as chloramines. 

HOC1  +  NH
3   

>  NH
2
Cl +  H

2
O 

Chloramines are found in three forms. They may contain 

from one (NH
2
Cl) up to three (NCl

3
) atoms of chlorine. 

The chemistry of the water and concentration of chlorine 

will  dictate which of the chloramines are formed. 

Chloramines are weak disinfectants. They require longer 

contact times and higher concentrations to achieve 

disinfection than free chlorine residual. However, they do 

not breakdown as quickly as free chlorine and remain in 

the system longer. 

 

DISINFECTION    REQUIREMENTS  

Two factors must be taken into consideration when 

disinfecting drinking water. First, enough chlorine must 

be added to reach a predetermined concentration in the 

water. Then the bacteria must come in contact with the 

solution for a certain period of time. This is referred to as 

achieving the proper residual and contact time. Killing 

pathogenic bacteria requires a minimum of 0.2-0.4 

milligrams per liter (mg/l) of free chlorine residual and a 

contact time of 20 minutes. The contact time can be reduced 

if  the residual is increased. Viruses, Giardia, and 

Cryptosporidium are harder to destroy than the other 

waterborne diseases. Free residuals of 1.5-2.0 mg/l and 

much longer contact times may be required to destroy these 

organisms. 

 

EFFECTS OF TEMPERATURE  AND PH 
Changes in temperature and pH of the water can reduce 

the effectiveness of chlorine.  Colder temperatures slow 

down reaction times requiring higher concentrations and 

longer contact times to achieve proper disinfection. A high 

pH impedes the formation of the hypochlorous acid and 

requires a higher dosage to obtain the proper residual. 

 

BREAKPOINT   CHLORINATION  

When chlorine is added to water that contains no ammonia, 

the residual that is obtained will  be free available chlorine. 

lf ammonia is present, and the demand has been satisfied, 

some of the free chlorine will  react with the ammonia to 

form chloramines or combined chlorine residual. As more 

chlorine is added, it will  breakdown the chloramines that 

have been formed and the combined residual will  begin to 

drop. A point will  be reached where the residual will  begin 

to rise again after all of the chloramines, that can be, are 

destroyed. There may be some combined residual left in 

the water at this point. From this point, any additional 

chlorine dosage will  result in the formation of only free 

chlorine residual. This is known as the "breakpoint". All 

water systems that chlorinate their water will,  in fact, 

practice breakpoint chlorination. They will  add enough 

chlorine to the water to achieve a free chlorine residual of 

at least 0.2-0.5 mg/l. 

 

The Breakpoint Curve shown below illustrates the formation 

and destruction of chloramines before free residuals are 

achieved. Every system's breakpoint will vary depending 

on the chemical makeup and chlorine demand of the raw 

water. 
 
 

 

Figure 5.1 - Breakpoint Curve 

 

 
As chlorine is added to the water, it reacts with the ammonia 

that is present and a combined residual reading is obtained. 

 

Tracking the Breakpoint Curve illustrated in Figure 5.1: 

Å "A"  - ln this case, as the dosage increases to about 2ppm 

(mg/l) the combined residual drops because the 

chloramines are being destroyed. 
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Å "B"  - When the dosage reaches 3ppm (mg/l), the 

breakpoint occurs and first free chlorine residual is 

obtained. Once the breakpoint has been reached, the 

free residual will  increase at the same rate as the dosage. 

Å "C" - There may still be some combined residual in the 

water even though the breakpoint has been reached, but 

it will  remain at this minimum level as long as the dosage 

is greater that 3 ppm (mg/l). 

 

A common complaint received by many operators is that 

the water has a "chlorine odor." These odors are almost 

always caused by chloramines in the water rather than a 

free chlorine residual. Understanding the break point curve 

may help solve this problem. 

 

The initial reaction to this type of call may be to reduce the 

chlorine dosage to reduce the odors. This is actually the 

last thing that you would want to do. First, the problem 

may be remedied by simply flushing the line in the area of 

the complaint. The odors are usually a result of stale water 

sitting in the lines. The free chlorine that was originally 

present may have broken back down into chloramines. 

Flushing will  remove the stale water and the odor problem, 

until the water gets stale again. lf  flushing doesn't correct 

the problem, look at the breakpoint curve before adjusting 

the chlorine feed rate. 

 

lf  the current conditions place us on the left side of the 

breakpoint there is no free residual present. This can be 

confirmed with a residual test. That means the water is on 

the "B"  portion of the curve. Decreasing the chlorine 

dosage will  result in moving further to the left on the curve 

into the "A"  portion. Here the chlormine concentration is 

even higher and the odors may become worse instead of 

better. lf  the dosage is increased to the point where free 

chlorine residuals are present again, the amount of 

chloramines (and their odors) will  be kept to a minimum. 

 

 

TESTING FOR CHLORINE  RESIDUALS 

There are three methods that are used to test water for chlorine 

residual. Two of them are field tests. The Ortho-Tolidine- 

Arsenite (OTA) test was the industry standard until the mid - 

1970's. The problem with the OTA test was that iron and 

nitrites in the water would interfere with the test. ln addition, 

OTA was found to be a carcinogen. lt is no longer used for 

chlorine residual testing today. lnstead, the Diethyl-p- 

Phenylene-Diemine (DPD) test is used for field work. lt is 

similar to OTA test but is not known as the amperometric 

titration method. lt is normally run in a laboratory. 

 

The DPD test is a colormetric analysis. The reagent is added 

to a vial of sample water. Another vial of sample water serves 

as a "blank." lf  chlorine is present the sample will  turn pink or 

red. The vial is placed in front of the "color wheel" and the 

sample is compared to the color wheel and blank. There are 

two chemical packets for the DPD test. One is used for free 

chlorine and the other is used for total chlorine residual. 

Subtracting the free residual from the total residual will  give 

you the combined residual. 

 

GENERAL CHLORINE  SAFETY  

Chlorine is a greenish-yellow gas. lt is 2.5 times heavier 

than air. Chlorine gas is very corrosive. lt turns into 

hydrochloric acid when it comes in contact with moisture 

(in the water, in the chlorine lines, or in your eyes or lungs). 

lt does support combustion . lt can be harmful if  inhaled in 

small quantities and fatal in larger doses. The following 

table lists the effects of chlorine gas in various concentrations 

in the atmosphere. Because of the potential for injury to 

workers and the general public from chlorine gas accidents, 

safety must always be the first consideration when handling 

chlorine. 

 
 

Table 5.1 - Chlorine Symptoms 

 

 
 

 

 
 

CHORINATOR  ROOM  

The chlorinator room should have a window in the door so 

that the operator in the room can be seen from the outside. 

The light and vent switches should also be located outside 

the room. The room should have ventilation located at floor 

level since chlorine gas is heavier than air and will  settle in 

the lowest spot in the room. 

 

The room should be kept between 60o F and 120o F. Below 

60o F, chlorine gas forms chlorine hydrate, also known as 

"green ice," when it comes in contact with water. This 

green ice can clog the injector and gas piping, creating a 

serious maintenance problem. 

 

When a chlorine cylinder is full  and at room temperature, it 

is about 85% full  of liquefied chlorine. As the temperature 
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rises, the liquid expands and takes up more space in the 

cylinder. At 157o F the liquid will  expand to occupy 100% 

of the cylinder. lf  the liquid expands any further the cylinder 

will  rupture, causing a massive chlorine leak. 

 

NEVER enter a chlorine facility without ventilating for 

several minutes first. The National Fire Code now requires 

that new gas chlorine facilities be equipped with a scrubber 

system that will  remove chlorine gas that may be present 

in the ventilation exhaust. These systems must have a 

backup power supply to keep the scrubber running in the 

event of a power failure. Check with local Fire authorities 

before new chlorine facilities are built to make sure they 

will  be in compliance. 

 

CHLORINE  STORAGE  

The room where chlorine cylinders or HTH drums are 

stored must be kept dry and well ventilated. Chlorine 

should always be stored in a room separate from other 

chemicals. Chlorine cylinders that are empty should be 

separated from those that are full.  When not in use, all 

cylinders should be chained to the wall. 

 

CHLORINE  CYLINDERS  

NEVER remove the valve hood from a chlorine cylinder 

unless it is chained to the scales and ready to be put on the 

system. All  cylinders should be chained to the wall or the 

scales unless they are being moved. Emergency repair kits 

are available that can be used to seal leaks in the broken 

valves or leaking cylinders. Every system that operates a 

gas chlorine system should have an emergency kit or be 

able to get access to one on very short notice. 

 

To prevent the cylinder from rupturing when it gets too hot, 

every gas cylinder will  have a "fusible plug" that is designed 

to melt at 157o F.  There is one in the valve assembly of 

every 150 lb. cylinder and six (three on each end) in the 

body of very 1-ton cylinder. As one of these fusible plugs 

melts, it will  allow the release of chlorine gas from the 

cylinder. This still represents a serious problem, but the 

release will  be more gradual than it would if  the tank 

ruptured. 

 

HTH  HANDLING  SAFETY  

Powdered chlorine should be stored in a cool dry place 

separate from other chemicals. HTH must never be allowed 

to come in contact with petroleum products or organic 

solvents. lf  this happens, it will  explode violently! This is 

also true for the other forms of chlorine, but is more likely 

to occur during the handling of HTH. Care must also be 

taken to avoid contact with the eyes or bare skin. 

 

RESPIRATORY PROTECTION  

Anyone involved in handling chlorine should have access 

to respiratory protection equipment. Chlorine gas forms 

hydrochloric acid when it gets in the eyes or lungs. This 

can result in serious injury or death depending on the 

concentration and exposure time. The damage caused by 

exposure to chlorine gas is cumulative. Several incidents 

involving minor exposure can contribute to serious health 

problems at sometime in the future. 

 

There are two basic types of respiratory protection. One is 

the gas mask that uses a filtering device to remove chlorine. 

These are either a full-face mask or a mouth/nose type respirator. 

The other type of respirator is the self-contained breathing 

apparatus (SCBA). The SCBA unit is full -face mask with an 

air tank to provide the operator with fresh air to breathe when 

in hazardous atmospheres. Both of these devices may be 

rendered ineffective if  the wearer has facial hair that interferes 

with the face-to-mask seal. 

 

Gas Masks 

The gas mask is designed to allow 

the operator time to escape the 

chlorine room when a leak occurs. 
THESEDEVlCESARElNTENDEDFOR 

ESCAPE PURPOSES ONLY! A GAS 

CANlSTER MASK MUST NEVER BE 

USEDTO ENTERANYAREAWHERE 

CHLORlNE GAS lS PRESENT! lf  the 

release of chlorine drops the oxygen 

concentration below 12%, it is 

impossible to survive even if  all the 

chlorine is filtered out. lf  an operator 

is wearing a canister mask he must 

still leave the area immediately upon 

detection of a chlorine leak. The gas 

canisters should be changed every six 

months or anytime it has been 

Figure 5.2 - Chlorine Cylinder Valve exposed to chlorine gas. 


